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A pnvious ly dsw 1.1 td grain rwghutn rimulatlan model (SORCP) rrportad 
Ukin a t  al (1976) virr sslectm! for tcsrtinq md vollcllrtiar to dotaraim 
i t r  potiult lnl  for mnrrfiinq rorghunr prducticrr i n  tho r n i - c s i d  trapiaa 
(SAT). The a b j e c t i ~  ure ta find whethrr S O W  c w l d  be adopted i n  thr 
SAT to deternine cmp amuf.enmt rstxatrqira r.q., optinrun J&ta of  plmting, 
p l a t  population a d  su i tabi l i ty  o f  r givan ganotyp for giwn mil 
ustar and ~ 1 h ~ 1 t . i ~  mndlticns, 
Thr S O W  moddl mcpirw d a i l y  radirttan, m a x i m u m  md mininun tmtrtura ,  
mi) precipitation 4s input  uaathar data. Thr i n i t  ilrl plant md r o l l  intor- 
rnatiorr necllckad inciurllslar data of scatinif, dsy~th of swing ,  r uw  rpadng, p h t  
detnoity, patential n W r  o f  lroavas md their nrlrxirnarm a i m ,  muhum wrtar 
hafdinq capacity  of tho 8011 md n v d  lablo rcri l water r t  rowing. Diffarent 
phanological including amqena, p ~ i c l t a  injtirtion, mthwir and 
phyoioloyical maturity nre rimulated. Tho gmtontid dry ~uttrrr i@ 
fm radiation intax+aapted and the nut dry matter i a  e r t i ~ M d  by roaowtinq 
for tmperaturs ;md moiatura m t - 1 1 .  n1a f ina l  grain yirld par unit &ra8 
i a  eslculatad by multiplying plant drnaity  with the q t d n  w i g h t  pW plmt 
at maturity, A d e t a i l e d  dsrcriptfon of S O K P  model war qivm by Wur md 
A r k h  (1978) and tha ut i l i ty  w a r  d i t c u r a ~ d  by lluda and V f  mmi (1980) , 
To cbwlqr a data bare to tart and improve SQRCI' .or i t 8  rpplicatlon i n  the 
s d - a r i d  trapicus (SAT) , a oolliibarativs mult t  locatlwr sorghum modrling 
sapriment w a r  initlntud i n  tho 1979 rainy roeaon by ICRISAT i n  ooopcrxrtion 
w i t h  several maearcjl arntsra i n  India md abroad (Tblr  1). To onrur the 
~Lfonaiey i n  data collecticm across the locstianr, a rrmual drrrcxibing th 
minfolm data to ba oollectcd and the method of data C Q ~ ~ ~ C Z ~ Q ~ I  wu prOpwd 
and circulated to a l l  cooperators. A t  a cooperators' nesting hold f r o  2-4 
April 1980 a t  the ICRfSAT Center, i n i t i a l  wnlvation of the mods1 wing the 
available data w a s  discussod (Huda cat e l  1980). 
3. Roccmendation of the crmperators ' meting in 1980 
Several subroutines in S O S F  which nmded radliticakian for 
adloption in tha SAT region8 warn iarntificrd. mare rubroutinor 
deal with phmology, l ight fntrrcllption, dry utter rmmulation 
and partitioning, roil water and baf dovcrlopmt. 
Iha collaborative sop-mtr rhould be aontinued and a f f o a a  
o h l d  be made to iacluk addit ional  locatiarrs for aovering 
ap uch climatic variabil ity ar foasfilr. 
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n-35-1 
198 1 
i )  
R11ny Cf H- I , CSW-5, Rrln fed 
CSM-6, CSH-8, Msqurtr 
H-35-1 h n r  gemn t 
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Cudhima 1980 b i n y  CSH- I , CSH-6 llrl nfrd 30' 56' 
1 9 1  Rirlny CSH-I,  CSHmb k l n f r d  
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1980 k i n y  CW- I ,  CSH-6 h l n h d  
Post tt l ny CSH*8 A 
198 l llrt ny ESH- I , CSH-6 lb l nfsd 
1979 k l n y  C$H- l , CSH-6 h ln fed  19' 2141 
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ml r t ure 
h a  d*par"lmmta m d w t o d  m&t adqult. p h t  protactim Ulrd 
soil Feinllity ruanagrrmt m d i  tianr should ba oantjlnmd m r  
th. next y.41. Utsratura aurch rhould br ud. t o  idanti& 
submuti tias which CM be adapted fat quantifying U e  n g n m  
t o  appL~ elJ nitwen. 
a Writtan dowmntrUarr an tb modrl ahdoll0 h mrda rv&tl&le 
t o  as& mrrtrr eo u t o  c,Qlnmcm, the Iaail~asity of tha 
cooFratom with the era{ atinq randal, 
a ma cooprrtons aqrrssd t h t  a\nry afLort will be rrda t o  
collect crrq) arnd @oil data a t  f lu@ grrmth rtatpr is@. at  
panicle initiation, I'laq leaf,  anthaaim, aaft do*, and 
p h p  ioloqlcal mn turi t y. 
A tiate @ J C ~ J ~ & A C I ~  nil t t ~  nettaada ot  data  c ~ l l t ~ s c t l ~ l  a d iGntifiq 
C B ~ ~ L J I L  ( i f  diffoz ant ljruwt tr hto*jc!a mvhouinl Is on&@ avarlnblr to 
n i l  cwylratr~rar, A t  ccnrrtsrn where, lclilrf ar.uula wtem arm not 
ava lbbla  conrtatr  1 or ratlmt iriy ;Lea1 ;rrrra from Iraf width 
md l er~qth  rnaairurwmnta for rslcrctad cultfvasw r b d d  ba ardr 
avai lab la ,  
A m t i n c l  o f  tho axlperattrrg: iu ld  bs haid t o  dircura tho 
iarprovwwr~t,; mnda i n  5ORc;F hanvd i ) r i  d@t l r  cwllactod frm thfa 
w p r a t A w  rxprsrlcaaarlt. 
a. Field s t u d i e a  
Replicated t x  r d s  I w t  t l v ~ n k j  WLJ st mdmd M?! r j 1 1 ~ ~ 0  cfarmtypb 8 N - 1  urd QJH-6 
duriq the rainy aaason a d  C3H-6 tvld M-35-1 during tha pomtrdny rarron, 
wem conducted a t  most of the l t . pn t i ans ,  durlnq 1979-1981 (Tabla 1).  SorghuDa 
is not gram during the pootrainy rreiwon at  Delhi, Hirarr, and I&&im8 
bacausa of a ~ l d  temparatures. Additional m o i e u n  trratmontr o f  a d q u r U  
water and water ~ t m a a  a t  c e r t a i n  critical growth atwar wra inc1ud.d i n  
the postrainy seasoti exptrximsnts, Dsisr on crop phsnology , leaf growth a d  
d a m l o p e n t ,  dry matter produckLon and partitioning, roil water, uoathar 
and ranrqcrant factors were ~011OCtbdr Detai ld  program raporta of tkl4 
s#praWnts  ware prepared (Hu& e t  a l  l9@, 1982st 1982b). 
A coloprrativs mnmltancy pogran war artablirhrd betwarn 'hrrar A Y I  Uniwdty 
lEOIICP was i n i t i a l l y  b v o l o p d  and ICRU~T t o  atahurge dder n d  rslviaa 
ume of the a u b m t i n e a ,  CP W i n  frm -la, T m x u ,  v i r i t d  ICRISAT 
in 1979 mb 11980 to nevi- tha rorphua modeling tnerrub. f l i v 3 f ~ ~ 9  (1981) 
n v h d  rubroutine8 cm light inurcepitian, dry a t tar  rcmmulrtiar md roll 
wrt4r and ruggetrted revlion#, BubtoutSnar on phnology, b q  W b r  p m -  
tiaaiag md lmf do~lcqmmt worn w k w d  by Bud. (190)  rd lqmvwnL .d* 
in SgbQr with msnt rsviricmr w u  arrcrP+d, 

rtmge wm g i m  in tabla 3. Ta take into rccwnt th. higher v u i v b i l i t y  
fn a1 n d  CS2, the effect af drylmyth w u  slro ~ r l y n l d .  
Ihr d q l w l g t h  wmrgrrm, pmiolie i d t i a t i o n ,  mthrrir urd phyrietoglcrrl 
~ t u t i t y  w j a  t r l i u r b ~ t l t s d .  Dwlaqh io t  .~rqm<n ~d panicLe Mtirtion ww 
plotted ayainst the c.DD valurllr for a1 for hybrldr CSN-1 n d  C8H-6 (Fiqm, 
J md 2 ) .  A similar nrlatiocnshlp WM pxapamd by Major (1980) for ahort 
day plants and by Staypat urd Arkin (19803 for cam, D r y h g t h  r t  rwrgrncn 
at panicle lnlttat icm a r ~  highly cormArtad ( r  w 0,991 n d  t b n f o r a  day- 
length a t  a m a q s n s  can be used Xn p l a a  of daylmqth a t  prnicla hitirtian. 
For th. ynsent  study, thnrhold viluin of d a y l r y t h  w.8 13.6 hwr at 
rrsxpantls f u r  two hybrlb  (C9H-1 m d  CSW-6). Data for othrr g~lwrtypu 
wem not available &awr t h i s  threshold daylur~flh. 
T b  s t *  the doylsnqth nanlaitivity monq qenmypu,  four qnnylrn wan 
i d e n t i f l e d .  may nra: 
C-1 1 (Gll-1, C",H-6 grown above 13.6 hour d r ( y l 8 ~ t h )  
hrccnn'a mult ipla  rmqa tast  fur thmr gmrth stwar wan, caagnrtcrd 
(Table 4 ) .  Thsre i a ~  a significant ditfarrnca trotwarn group 1 a d  2 for 
thms qrowth stnqea. D i f  taruncer in GI c a r t  u accounted for by drylanqth 
e f f e c t  m laham in E'iqa. 1 and 2 md a r s h i l r r r  v t f b c t  war found far (iPB2, 
The elgorl~hm f'or de8cribing di~ylencjth (DAYW) md GDD ~ i t ~ c t r  on 
C;S1 dlenmd f ran 61 qure 1 i s :  
GDD 370 + 400 (DA3llW - 13.6) i f  DAYEM > 13.6 hour 
CLU) - 370 i f  DAYEH 1 3  .C hour 
The algarithm for describing DAYEM md CDD affect8 MI &rid #irnihZ 
to that of GS1 is: 
GDD = 6% + 120 (WEn - 13.6) i f  DAYm > 13.6 hour 
CDD = 650 If MYEM < 13.6 hour 
Diffemces in GS3 for g r q s  t and 2 car bo mc10~1trrd for u r 
rat- affect as s h m  by $chaffer (1980). 'Ihir affect i r  aham by p@ting 
th. invane of duraian o f  Qi3 aqdrut the wan twp.rrtun (f l  d 
a63 for hybrids CSH-1 a d  CSH-6 (Pip. 3 ) .  !%a duration b c a w a  w i t h  &a 
i n m u .  in ? to 27% a d  inctrarw &ow 2 9 ~ .  Prar, figurn 3 r b o J  
Uqerffurr of 70C can be drrived for GOD oaaputatim in C83, A bur tm 
rat- of 7% urn pmviourty raloctad for a l l  grarfb ILlpa8. Ih\Y, ios 
-3 tho followfng algorltb are w b  to account for urprrctuxcl @taoL# 
FR aaptatioor for 083,  
Fig. 1, ktutionsh+p bttwcen g M n g  dtgrte d l ~ r s  for e~~srpmoc to purlcle idt. lat.fm 
- - and daytangth a t  e ~ ~ r g c n c e  for sorg)nr hybrids CSH-1 md CSH-6. 
F4g. 2. R c l a t t w h l p  kbcm g d n p  d c p m  days for a ce b panlclc in l t ta t fm 
'P" (P1) and daylength a t  PI f o r  sort$u hybrlQ CfH- and CSH-6. 
T d l e  2. k y s  n q u i n d  b a t m  d l l h m t  sorghum p m t h  rtaps.  (L tr  pooled 
ovar loca t la$ ,  w a s a s ,  rrnd grnrotypr,.) 
Wlrm Standard Mlnf I48 sr l C.Y. 
Dsvlrtiorr: V d u  Vrlu 
Tablo 1. Grcwfnp d c g m  dwr batmen sorghum grcwth strgrs (Cutoff tanpr@tufe 
PC and base tenperaturn m 7.0°t, n 40) 
7 3 1 0  4. Man arawlng degree days for dlffemnt growth stages for four groups of 
sorghua. (n 1 40) 
Growth state G w t h  rtcllgo 
Gs 2 6s 3 
lbms with thr rrae latter rn nat rtgnlflcntly dlffsrcu\tl 
0 20 10 60 80 
MEASURED LIGHT TRAWSnISSI Otl 
Flg. 3, iaelatlomhfp between v s a r u d  snd predicted I I  ht  runmlsslon 
uwr 45 a lor- ran rcomtlnp to (A) ~ 0 R g  udt (1) k v t ~ d  
qwtlcnr (spbols rrpnrrnt data fm d i f f m n t  grwlrg S M S ~ ) ~  
Ibrrrme ail1 d t h r  mrrr wad to aiquto GDO fa? th, 40 Mold rtudiar, 
Tho #m Q3D oomprtad wing three rlgorithmo am prumtad I n  T a l a  5, Wo 
riryllficrrt d i f  ferrnor In CDD marg gmupr w r  f w d  Car all prarth rtrgrr 
ampt i n  QS1 for rliny rearm variety (SW-351 and ttqari). Thr wri@trd 
r a o l l  CDD for OIi3 in 670. 
There dgori thu warn u n d  to  cmputa Q)D for a l l  thmr) 9-h 
r tqas  for thr 40 firld rtrdioa Cram whidr data to Grlw t h a n  xmlilrtiarr 
n m  collacted. Ih. rcmt m6m mprrn, mrx, t (fWl!) Par thr thmo qrwt;h 
rtaqu wan corpud w i t h  80RCF n d  the n v i @ . d  r l p o r i t h m  (Tablo 6). a8 
RCOE w u  ccnricbrably n d u o d  for a l l  thnr  t t q e r  using the nviood rlqoxithm, 
%me rsviaed alqorithmr wora t w t a d  aqrinslt 10 inckpandant field 
study data netr. Wr(BE for SORQP n d  thr. rrrvfnrd alqcwfthnr rm pivon i n  
TIlble 7, The W E  for all  tho thrre s t a p r  ware m r i d a r & l y  m4u-d wing 
t b n vL8ed alqori thmr . 
me l ight intormption portian of thr, mob1 a h l a t a m  thr n l r t i w  quntu  
flux lntararptad by a ringla plant. Intarapted PhotomynUHtimAly AQtiw 
Rdi.tim (PAR) i a  calculatad on m hourly bairn follcwinp. r l h u ' r  lw 
r c l a t i a u h i p  wing m1.r radiation md liglht trrnrarirrian valwr. Harrly 
molar radiation im ccmputod Iran the input rolar radiation mb by r c o ~ u r t i ~  
for the nm&er of haurl of runlight for any dlry whiah ir crlar1.t.d u r 
r h  function of the local rolar ttw and dylongth. VrUdrtionr w i t h  drtr 
collected at  1- Clntrr r W o d  thrt modal c ~ ~ p u t a t i o n  of rolrr Gc~FRI" 
tion and day &ngth arr sccurat) maulring i n  ruf ficimtly rccwrto mtimmtion 
of hourly uolsr radiation. quatum flux d.ruity (PAR) i n  E i n t o i n  ~2 
dsyol Ifi .utlrst@d i n  S O W  fm thr r r r g y  flu hnr i ty  (RBI i n  0.1 a 2  
dsy-1 u 
Harever, our mrultr using mearured data on PAR and R8 for rwtandrd 
parlodr of timcb indicated that the mnrtrnt rvlating PAR to lolrr rdirtim 
(lW) rhould ba altered. In tha mvirmd vmrrbn, PAR i a  thur wlaulrtrd u 
0.09 tivm RS. 
Light transmiarion i n  80SU i s  crrlculrtrrd frar the rrhtioruhQ of 
W n c t i c m  ornf i i c i r r t  cnd mad- Ught tranrriuion tor r qivur tar a p d n g ,  
In or&r to valibato tha light t r ~ l t d r # i m  labcrl, data #eta fm f 3 
cfiffarmt ucprrimntr omthrctd during 1977-1980 at  tho ICRXSAT b8aucbr CIlntrr 
h m  b m  wed. mcpy light trruaLuion ww m u d  usirq r Frmo thmt 
me&-8 four qumtu rnmr for th m w u m m t  of PAR i n  r 3 d grid. 
An sYrri~tiosl  of thy md n u w r o d  Ught trrnrirrricm Pa~r 
rliftamnt xw rpminga rhcmd that tho mkl wm cnnmatirrting U#tt bsrmw 
duian, upadal ly  at  lar 1 ~ l r  of cnqy Ught trmmtrrkm nd foc p# 
rpc l iqa  mator than 137 a, dm S90slP .od.l d41. not U O ~  UW#4%td  
U Q b v t ~ ~ l M ~ U K ) p s c o r n t @  
Table 5. ban g m l n g  b g m  L y r  mttw daylength c~rnctlon ( G I  nd 
tJ2) n d  terp.r&tun cornctlon (&I) for d l thmt  ~ m r t h  
strps.  
e m  Growth r t r p  Grocth s t q p  C m h  st&@ 
GS I 6s 2 8 3 
- - - - - - - - - - - -- - - -- - 
b a n s  wlth thr sane le t tar  a n  not slgnlflcmtly d l f h n n t ,  
Tablo 6. Root m n  s p u r n  orror ( d r y s )  for dlffrrrnt growth @t@P* for 
b0 t l s l d  studlar.  
Table 7. k t  an square orror (days) for dl f f e n n t  growth stages for 
10 Independent f lr ld study drtr sets. 
Xn onkr: to ir~pro#r m&& utiutian of UgCIt Itruwrirrtcn, it  w u  
n a r u y  to mo~.puto W n c l t b n  ooaffidmt (XI1 r d  .olLu patant 
lipht t r d u i o n  (XI) for .rah d tho data eat# wd. Ihr ori9h.l 
qurtiar n l a t l n g  mv rprdng t o  #L i n  B O R P  mb UY nvird qwtbn 
u a  rs folXQU8: 
S f J l u l y  tho m1atimnhip b.hncn r t w  rprdng md %1 w u  roa#putrd md 
thaw u. u follant 
A t  laraf araa in&% v d u r  h r s  thrn the parrrtcrr X3 ( g a n r r t d  frar 
acnputed valwr of X1 and n) tho mdol brer tha iZUl(?tirn qivlll  btdl bO 
awputa liqht trmrmjrrforn, 
Va lu l l r  of X3 lor diffrrrnt rar rpacingr &ra giwrn i n  Tabla 8. 
%mahold vliluar af I r a f  arcra indrx a t  w h i c h  Uqht trmrldrr lon i r ,  amputad 
rengr fror4.60 for 30 cm rpacitqs t o  -0.05 for the 150-a ram, LHn 
in the n a r m  r a n ,  a M of thir mngnitudr i r  nrdrld f J r & y  errly i n  tlu 
growing s a a s a  and r i n a  tb tim for aaorgmo t o  a UI of  drir rho k 
g w r a l l y  lorr than 10 daiyr, tha magnit& of orrot Swolvad i n  c r a p u t i ~  
liQlht trmoratrsicm wing only X1 and X2 w i l l  not be lrfge. 010 r a m  
for wing tha parmatar X3 rppcrur t o  bo thrr las valurlr of oxt inct la  
wafficiarnt (a) gmarated by tho B O W  rnwbl, Uaa of' ruth rwtinetiar 
mf f i c ianta  a t  a lm larf arm i n b x  wauld giw a higher light trmri-#- 
elm than Fe abserwd in tha f i e l d ,  S i n a  th nvirsd quation rrlrtlng 
wtincticn coaff idrnt  to mt aprdng perfom rt lt irfectori ly h thfr 
rrrpsct, them in no wed far carputinq and w8iw X3. 
Conrickring tho above, the mvirod rlgorithrr for ogputrtlon of 
light trrrnwrirria I r  aa k&larr; 
Ccrpariron o f  p W c t d  md murund Ught trruirrion tor 45 a 
and 75 a ran wing tho drtr rrtr ~olhctrd at ICRUUT arc, ham in 
l igrrr  3 r d  4 ~rp .c t ivo ly .  Data point. &an, i n  3 ( 3  fm thr 
lr 1 Uw b a p d  tho 15 pmmt limit8 at  lar t ~ l r  of U&t trradrriaa 
and wo of r)u n d r d  qwt$aar abratat ia l ly  Wrmr prmddJpiuty of 
tb light trcnrdrrion. Data for tb. 75-ar mv r p a d q  lhar r aWIu 
a-ma (Fig* 4) 

In S0rr;P d d l y  potuttlrl phrotaqnthauia (MYKWO) ir  er2culatod i n  th 
FWRI subnrutirlth fmm lntrrorlpe8d PAR. In tb $YM)I rubmutinr, tho 
potential nat: 1 "thd8  ('NHWl'Q) A m  cilcarlrted urr r llurotion of 
~~ n d  tha m ~ l f i c l m t l  and WATt3ab u dcraribd by A w n  rt 
r l  (MX). Nat J o ~ l y  wtaynthurlr (Mmn) Lr than mdet l~ ld  by aowluntinp 
for mrpiratian. W l y  inctrrlrocr i n  plant dry woiqht (DRTWI? i a  then 
&tanrinrd in prrt frcm 1W"PO n d  woS 1 sul nor area rllocrkrd for @a& 
plant. 
Biacae! md C a l l ~ ~ b r  (19771 , Williaw a t  a1 (1960) and ClontcrSth (1977) 
stmad thdt dry mattar prabuctl icm a u 2 y  i n  the ramon i a  rrlated to t.)w 
m m t  of rufiatim i n t a r a p t s d  by tha crop. Ca l tqhar  md Rfrm (1970) 
than rhanrd that for wheat and b a r l y  y m n  r t  Sut tcm BoninyZon and lbthm- 
O U I ~ ,  h u t  J cp of dly  matter ware produced fur +a& bl$ at PM &#oxbad 
until  ear emtryanca, For th~b Vholb c r q  about 2 . 2  c f l  o f  dry  mttar war* 
ptoduclrd par nbaortrad. 
Dry mattrr/intart?.ptrd PAR ralrrtion~h f i i w  wem aim axminod r t  XCRZSAT 
during 1978 wd 1979 grawing rcrraonn for ronjhum (Aqmclinrsto2ocly, 1939, 
1980). Fax ~evwr.1 crop8 o f  sorghum, dry matter producld pas IU abroxbmd 
PAR varied fran 1.20 to  2 . 8 2 ,  tha lam& vralur cornrpondiny to  r nonirrigrtd 
crop hrinq the postrainy a w o n .  Iha  highrrt v ~ l w  w u  nawkd for 4 wrghu 
cmg which ram irrigated st 10-drry lntarvala i n  t h a  portrainy muran. Prar 
t b 8 d  abr~nrat iono,  it reamC rsarcrri&lrur to  cbfina cr Factor ALPHA whirrrh ir 
cp of dry  matter producad por MJ of IhW &aorbsd md u a i q n  a valtw of  3.0 
of ALPMA. Thin valuo ckfintr an u p ~ ~ x  lhit f o r  cams with no watu or 
tempraturrt. ntsesr. ltae Tl?MPCO and WAECO functions ar dotinad i n  tha 
d e 1  am than wad to C A ~ C U ~ ~ ~ Q  cjrajly dry ~ ~ f l ~ h l t  incrcuro. 
( i v l  Dry nuttar partitionlnq 
Partitiming af dry mattar to plant piam varier arcaordinq to  thr rtlga 
of bvslaparult. Themfare, sri accurata eathats  af phmologiarl kwrlapant 
is iaportant for aimulatirq the i~artitioninq promrr. Accutrtr rirrulatfmr 
o f  grain yiald, the canpant  of y i a l d  qenurally of mat i n U t ~ t ,  kpdl 
qm thr a b i l i t y  to corrsctly partstion dry nottar to qrrin and other plmt 
I;#rts . 
Iaaf, ah, h a d  t g r a h  weightlsl (q/plant) sirnulatod w i t h  80W wvrr 
cclplrd with meaured data colhcted f r o  ckstluctiva woakly 8 r p t a  (27 
field studies) throughout tb growing searon at the ICRfSAT Or8ttrrr. Th;r 
root man square error ( M a  urn calculated for m r u u n d  n d  rimahtad 
p l a t  part weight. lor each f i e l d  study. The h l g h r t  IP6C w u  abnrnd 
for the h a d  + grdn  asaponst wi th in  r r n g a  o f  7 to 34 (g /p ln t ) .  Tho 
kmrt R S E  w a s  abarrved for culm waight w i t h  a rmqr 01 2 t o  12 (g/'p]icmt), 
Tha r w m  in rrsr for haf W g h t  w o  6 t o  2 1  ( g / p l n t ) .  lhraa I R E  V.~W 
.n Ldicacive of t h ~  accuracy with which SOW p u t i t i a u  dry mLWr to rb 
plat orpma. 
Wluured noan tutal dry matter [TOO (qhlnt) n d  want p u ~ i t i o a d  
t o  th p l n t  p . ~  at p n i c t  initiation (PI), n t h a r l  (MI ad phydolo- 
giul maturity (a) are given in T*le 9. Ilh. prortC i0ll p&tiocYb CO 
%re 1rrrr.c I ;rt o f  Tt311 partiticmad t o  tedf warn nat miqnl ticurtly 
di  ffnrurt betutan h y b r i d  md vcrtlatfra IT&lo 10). Tha prolrnt of 
TDn partitioned to tha cub wlsr 8 i(rnf ficsmt ly lrhjhrar in the vrri&lrr 
than i n  the hyba~cb a t  both urthwi -  m3 m~pturlty. TDn ( p a x  p l a t )  rt 
AN md PU urn alaa nat a ip iPSc*r t . l t  1 ktiffrrrrnt betwarn hybrids m d  
varicatiar. ?'ha ~rQricant of TaW yrrtrtimQd to q r d n  war hlqhmr i n  
hybride ( 0 . 4 5 )  ampardl to vwriatlala (0.32). TDM partitiming w l t h h  
r qrcrvth sat-s unn not rtudlsd. 
Thrr sfrpriflcant d l f  farlance i r r  ~rrrtit lcminq T M  to tha grain 
ampanent wm h a  t a  mdrrtwo atrera (Tabla 11) fur tha h y b r i d .  Far 
sdrquatsly watsmd traatJaahnta FiO prcmrrt: uf T0)4 wm p(~rtAtionad tO 
grrin while 4 1  pcrrmnt w u  partltionad to grair~ for wartar 8trrfia.d 
Enrtawrnta for h@rtda. Irlaluturru trmamantr 18 nett a iqni f i crnt ly  
influsnor prrtkllorzirrg t o  my p l a t  $art  f u r  vdrlatiaa. 
In SORGF daily availsrbls water for thrt e r n t i n  a a ~ l  profile (wlnqlr 
layerad) I r  maputad rf  tar Hit dhf u (5972)  uslnq 4 nlornurtim wl initiri 
avllil&la moil water, rrvrrilabla r u t a r  holriiny cafrmulty, ra i r~ fa l l /  
i r r i g a t i o n ,  and e v ~ ~ ~ ) r & t i v e  darnah,!. Pdl lxrt  li#l avarjmrat i m  belaw r 
plant caviapy (Eke) i r  calculated ~trttar cm;~utircy potantla1 wqmration 
from bdre soil (b) a d  mirig LA1 vnluea. Eo i~ c&l~ul~t(CJ in thr modal 
uarlnq the  Yriartlsy-Taylor ( IC)'I?) aquation w v l  l I3h mquirorr net rdiarlion 
ntl input data. Nat radirrtkun i e  amputad I r h m  d b a b o ,  m u i n u a r  ralrr 
radraticm reachlnq the @oil surfacs (Ro) , rurd aky ranlurrivity. Ro in 
the S O W  w&ol was ca l~uLntsd  usirq a nltmu-~yrci f ic  rim function. 
T h i n  function WM r s v i t ~ d  to err&L@ the cumjnrtnticn of Ra for my 
l a t i t u b ,  Open pm evqor6it. ion rwld & crrlatimamd arm compiuad In 
Pigum 5 .  Zhis &mye rrmult cad frr imyruvcerd estim~ltar of M w cun br 
man in Figure 5 .  
Daily -valum of w a t u  etrma coaf f ic iant  IWA'ZSCO) ( ~ r a  cmputad in 
the SOWAT oubroutlne using rhe currant svai l&lr mil water (SW) and 
the maxlmwn rlni r junt  of wsrtar (UII) in the prafi le. V a l u u  of" UL ar+ input8 
of tha mck 1. (.Lrrent m i l a b l a  sai 1 water (SW) i o  ccmputed i n  tha mdol 
after Ritch~e ( 1972). Vllure of potcbrrtial rvryrtsration frcm bar8 o o l l  
(Fa) and below a plant cmqy ( h a )  used in ccmpltirrg SW art. cllaulrtd 
in the subroutine EVAP, l h i a  approach cauld mlau2t; in orronrrour OOPPplm 
taticm of a trw watur  tress cwfticient bec~urm the rvailabb #oil  
vatsr in the entire soil prof i l a  ir  not a v d l h l r  t o  the p h t  in thr 
( ~ ~ L T I Y  a e g e l  of crq, growth. 
A more rprpresmtativs oorfficisnt could be a b t a i ~ d  by mnrtbarinq 
or effective rwting depth fwctioer and ccmputinq svsilrrbla roil  wctm 
for ths portion of the pmfila wtrrre root8 am promnt. In ofdlrr t o  
incoxpotat4 this aepact in the camptation of vat&& rtra@# corff icbai  
T d  Io Q . Totr 1 dry crwt ta r  and prrcwnt paht l t lonsd to loaf ,  cuIm, 
herd + graln r d  g r d n  rt thrw g r ~ h  r t y l r l  (DM. paolmd 
OHT 811 wnotyp.r, sauanr utd m l r t u m  tnrtnntr, n e 27). 
I n l  tlcltlm Anthar I r 
Total Dry Hatter 1.6 1.2 35 .2 15.0 67.4 2 3 . 3  
(g/plmt) 
Trblr, 10. Total dry Awtter m d  perwnt  p r r t f t l m d  to  lrrf, culn  h d  +"firam 
and gr r ln  at thrra growth stages fw hybrid md v8rfoty (Olt8 
p ~ ~ l 6 d  over seasons and mlrtun t m r t m n t s ,  n - 27) 
C U ~  0,s 8 0.36 8 0.47 b 0.66 8 0.32 b O.45 
7 9 1 e  . C a p a r i ~ o n  af tatrl d q  u t t e r  wld p r o n t  prrtlt l o n d  to irrf, wlm , 
h p d  * qrrfn n d  p n l n  for M r r l r t u n  tn&timnt$ dvrlnq #*tralw 
~ r ~ m  I t i i  CSH-6, CSH-8, * % - I .  
Wafs md St n ~ ~ a d  Uatr md S t  nsrod 
Cul rn 
Grain 
0.22 0.24 0.20 O b 2 1  
0.60 O T C , 7  0.68 0.65 
0 .18  0 .  I S )  0.12 0,Ih 
0 *02 0.03 
31* 7 20 .8  42,8 30,b 
Cul m 0.30 0,)O 0.47 0.47 
k a d  + Grain b 60 0.58 0.43 0,4I 
t rain 0.50' 0.43' 0 , j Z  UQ 
Total D r y  k t t e r  64.4A 38#9" 70.4 jl ,O 
(g/p 1 ant 1 
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Flg. 5. P l o t  of cumulative evap~rat lon from the bare sol1 ( E  ) durlnp 1978 c t  
lGWI5AT m e a r c h  center according to  SORGF and the &vlsed equation. 
Open pan evrporutil)n i s  pmentad for carprrlron. 
t;ha extrectiun of drrllrulc).. -mt;r brv@lop+d by WilUamr urd H u m  (1978) 
WJM w d .  mi8 4 p p ~ c k  arnlirtr of a muting ~ d m i q u  to  p n d i c t  flar 
~hnwgtr roa rar+r. FOE tha IC1PX:SAT data rot#, W d i m  Uf18011 mail 
urn dividrd into nino utorrga 1rry.m r 0-10, L0-22, 22-30, 30-45, 45-60, 
fro-x, TS-Wt, + I -  105, md 1015-120 m. The r v a i h b l r  u4t.r ampadtiel 
for e r h  of t l l f  *A r n+ l r y r n  ware g lwn by Rum811 (19rr)). eon tb 
total wutar i n  t l m  f i x r t  lylrr arosedr the capacity, brrlmgr into thm 
rwut Zayar can ~JCLW. 
Xn ordrr: t o  check tb v l l f d i  t i f incarpr;lt~titrp tha rtfact3va roorL- 
ing depth IWU)) md wrwr axtrrctcfon fmn the mil, prof i la  by layeam, drta 
collwtad by Ic'RISAT ihaauch Canter am rupplrrurt&l 1trlgrrt;iwn rarp;mrrr 
of rorqhun durinq the poetrainy rrvanr pI 1977 on r h a p  Vartimol urd 1978 
a? r Wiu &ep A111mo3 haw k m n  uHCI. m~~Imta1 d a t ~ i l m  of t ? m e  
tuo trialr haw baan h a c r i b d  by Sivrkuwx at r l  (1978, 1980). 
Zbo prafila depth o f  tha deep VaxUaol Fa 1187 cm u \ d  bulk danrity of th. 8 
ujqpr 20 cr layer avwr4- 1.3 9 / ~ 3  (Rumma11 AYW). 8.1- thl. d w h ,  
rha bulk density ruxgw botuoen 1 .35  urd 1 . 4 5 ,  with III averwe of 1.4 
s/03. k u o n t a  c l  plant wrl .b lm water are 30, 50, 45, 40, I5 and 30 R 
in tha 0-12 ,  22-32 ,  52-02, 82-112, 112-142,  and , 147 ca ma1 1 l ~ y a n ,  
mapectlvely ( W a r e l l  19W) . 
Saasrarrnl changer In eRodrlad m d  mruund a v d h b l a  strJ 1 wrtm for 
frrryatad ard nrmirrigatad rorqhutn on h a p  V m r t i m ~ I  lrre rfrmr Ln Ciquma 
6 and 7, mapct iwly .  Awailrrbllr rtril wateir prodkctad by B O W  ROdal 
(uurvs 1 )  is conrri.tmtly highor thur nmcrumd cot 1 w l t l ) ~ .  AvaiLdbLa 8011 
watar atrsarad crvrr a l l  tha laymro nnd wlnq ?.ha nrw rrlgorithm for orlw- 
latiun E J ~  HU i l ~  mfermd ta all 'REVrSI(M' her . IcrrvirLon rrtimrtcrr of 
aoLl watar arm brz;ur thur S O W ,  but a t i l l  t l ~ q h b r  thun tha ooarurd r o i l  
ra te r  aaauunta. Por the nonirrigctad r o r g b ,  thr  NlVISXON urtimrtm 
are u c a l l r n t .  
The pmfile b P t h  of tha . d i m  &tap ~ l f i w l  1a 127 o a d  tha bulk 
dennitira range f r o ~  1 .5  to 1.95 $/an3 (Rurrall 1980). Avaihdlo wA1 
watar i n  chr, 0 -22 ,  22 -52 ,  52-82, 82-112, a d  112-137 o lryorr u a  26, 
3 3 ,  10, 12 and 6 R resp.Qtiv.ly. 
Saascln~l changr in rvaihbla .oil watar for the irrigated n d  
nonirriqatad sorc).hum i n  a Wiu A l f i r o l  uera 4180 (;#;rqu.d. k i n  tb 
case of the Vartfrolr, w&l oonirtantly awcre.tiukb maarusrllb 
vatms. RRIISICU pnntldsil rUghtZy brttcrr ert iutu i n  thm irt ightd 
trrratvnt ud mudl kt tar  estimatu in tha nanirrigatrb #mu (Pigr, 
8 r r d  9 ) .  #onLrrlgatocl 8-u i n  the Varrilrolr r+crrivlrd no irrigrtim 
at a l l ,  while it ncoivvd thnra aerly i r r iget iow in th. Altimlr. 
ahua, hprWmalt8 i n  sail watar eItUmm me maul tin^ fr'o 
4rord 8rtirat.r of vvypratbn trar rr brxa mil mrfaa (Eo). Lnaor 
mation of a layered soil water mXkl 8mm to w& roalorr*ly wall  Car 
tbrr nosJrrigatd r1#9hu~ Owrn8tirat.r of ocrputrrd #oil water i s  tb 
clw of irrig~td rospbu uy ba z+latd to th l~ioourata r e a r  
iatSu80RGIrrdrrloBmrraoff. 




Wknq lWWP md tM L y ~ l d  1C#kl, mZC1D wu fox thl) 
tmmm L8ct ib.d d fat th At&&*@W 
tnnmtw Jurrul litth v&LLA&ty mnd, Wm, data tar Uw aonlniq8ad 
.oqyhu q m n  cm t)U d.p V u l U o l  mrr ud 01, a m p ~ ~  #TIC0 pdf i#Wd 
by BOAQT, ths 1 sysrv4 mu901 n d  tirid nurrununnka, me o i  r bayamdl 
rslQIl prauidecl < t w t S f i e y  batbrr c l r r C & ~ t r r r  at #WCO trhm W wkl#l 
a r p r r d  to  f L . 1 ~  m u l u r ~ l l l t a  fW10 UI, Par th. d r r A q a t d  ##qhme 
with ptoqrearivr drpllrtian 0t ruclhbka roll wars, thr, urswmd WkVWO 
Q+cs~~*cb f t o r  0.93 a t  19 lJJIJI t8 0173 by 'b DMI, u\d WJmCO wudM 
tha laysrrd Mllkl vllm damamad to Q,7a by '!9 DJU whSI@ WEIT#CO prdLarb+d 
by sonar a t y d  ft 2.0 thtayl)rQSI @he q m i n j l  awnon* U r m  at 
ddrl b-rs t o  psovide wmmd rmthrtaw of WMTW to rftrount h& &ho 
a i h o t  at w n t u  rtnrar m aoSphu q t w t h ,  ' 
Xa&f arm i r  owreutirrrrtrwd by 801Mlr, p m i w l w r l y  in thr qrdn  tilling 
)wried. M a 1  rider of lmvor md nalrirvu u r a  o f  uoh h a f  am 
data rmquimmntr far $Om. Xn Ba#IC*1 each 2anf aC)1i@w18 i t 8  mduimum 
a m r  irrrrpctiva of  noirturr m d  trrprrxeturr rtramr oasrditlma, t r f  
renoranam Is rccountd for w follanrt MI f imt  la& rummnma attar  
tho 11th leaf wpm& f u l l y  n d  r a& auacmraAva lomi! acl.rrpmdr f u l l y  thr 
mat leaf mmaa~.. YO 1eaI arnamcmn~~ warm after tha h a t  leaf Fa t a l y  
rxprrdsb. I t  ram prrviowly abrrrvd (Huh 1983) that whrn Iaat 7 i@ h k k y  
utpm&d ( h r f  0,  9,  10 ,.,,, ) oonrwutivr l.rvaa ( l e d  2 ,  3 ,  4,. , . . , )  
amam# und that l u t  arm uL i a  50 parant of  Laat u r a  a t  All. 
h a f  amr drta  wrm t n 1 k o t . d  d 7-10 d y r  intrrval at 27 IQlIBAl: 
field studisr md 16 awlpmrdkinq firld r t u d u ,  Ilh. wr.lyram hdmvrr warn 
madm for cnly ICWSAT data* f i e  a i d m u m  Iraf u r r  w u  a d l i m b  at AW 
(Tab& 13) with a wm of 1710 cs?/plnt md u .rtadacd drviRFcm of 613 
m2hlnt. luf v . a i a i u t y  i r  the mrult or pooiinq hybrib 
rr6 varimtiu and ~ ~ ~ i m t u r m  tnatmnt l  The highoat la8f -8 &t AM Wm i abtained for v u i e t y  BBV-301 (3227 an /plmt) md thr, Ammat h a t  rrrr 
(7'61 rn2/plnt) w u  a b t d n b  for (BM-6 9mun durinq UIa patrainy @*ma, 
in the uatax mtrmrd trmablnt, b a f  nma at PM warrr K) parcent; of thr 
d r u  h a f  am. mttrlmd, 
l s a i  area wm rrrduod by roistura @ t w o  during tho portwny 
roam (Table 14) .  Iaaf  amr ww ricpiIicuritly d i f  famnt at PU tor 
sdrguatsly vsterrrd md wabr  rtr.rr.6 hybrib.  ?run IW to Pn hrl 8#r 
drctruod qll)pmumathly '10 want for hybr id  and vuciatiru wb?lWdng 
w a r  t Pur adoqurtrrly w-md tmrtnnta lmf uaa banrrww 38 ta 
46 psrarnt fwm UO t o  PM for bybricb n d  v a r i r t l m ,  r#rparrtlniy* 
IkurJ vthab for tb wtillltim of leaf m a  wan, rtudied ta fLhJ aUC: 
m ruy &d that b u  ai#p& d a b  ItlQtdmmnt, 'Phil i 8  PIF~J~CIBLIW~Y 
e8entL.l to w e  thr ump br6u Imn athat anbm Jhen it Ir %iff id*  
to r r u m  L8.f -8 dIroQtfy4 D u d  an th. ckrt. ~ l l a l e k d  fmn 
u p ~ r m ,  &4f U 8 b  Urn mh&d fm 10.f mw urd dar dhh 
WLl u m]ry fm 1-f U n g t h r  -I fir &tvi)iV&lhrsL &88-8 Yuw d m  
. .UYb.d  t~ martrsra v*..l&lity in tba amtfidr*. lei *U(L 
S e  amffida~. r ~ f i * d  b.*na w m ,  m*lfinra&a a( 
m a .  ~* ( i t r r ioa  .aflldWI ntWg tb. pmhwt at t..i 
T a l e  11 . S..rolrl c h n p s  in  WBCO for 4 nml rrlwtrd tor#tu m 4 
deep urrrtirol.. 
i J 
Oayr af ter  SmGf laywad h r ~ u n d  
mmrgsnca d l  
- 
TOla  1 3 .  b r f  anr ( ~ m ? / ~ ~ n t )  r t  t,hns g r a t h  5119.r. Data pwlad 
CrHtr a l l  pnotypas, sorsms, md miatura tmrcnrnts, 
T&lr 14.  )Ism lrrf rrer ( c d l p ~ r n t )  lor adaqurtely *&tared n d  wrtrr cttrsrrd 
t r a ~ t m t s  for both hybr ld  n d  variety gram durlnq thr pmtralny 
wnm. 
Mate nd St rkssbd W8tr red St nsred 
md -fa- w i d t h  ilY) t o  lmt -4 I T )  fw f ~ u r  wr#~kypm onwn ~t JCPXWT 
Cmtar am qiwn in T&h 15. B\r tmoflt cirntr rmwd tn.m 0.b 7 t o  0,11. 
b r  C5R-6 Cnm4471) tha c w f  fPlELnt wu 0,696 whlh I t  urn 0.641 for a#-I 
( t s ~ t . r " ~ ;  1 .  9~ nalafmrhtp bhtwv~n loaf r r r ~  ud Lasf wight vrrtrr) w i t h  
prmty;,a.ent,t : nrrrt m d  gml *  .tul% A urwrrLpt l u  wdar pmpuuticm 
ta dis.ru&r thr .%*ailed muultfi ;*\ e~tlmathqj labf am&. 
Table IS. kgmlgfm cuafficirrta rrnirtinq the pPpdwt of larf lmg* 
and mxiraur width to  ta r t  L n r  of  narghurrr, 
The mvlewd algorit.hmr d i ~ w r a c r d  sazLi+r warn it~rt.rry.t-jrbtad in BORC;P. 
Slrulatlan rarultr of r s ~ r a Z  carqbarrrntr 01: rhr mbrl mrl the yLa1d 
r imlat iam war+ amparad wSt;h &earveil data. &anrplas of trrting K~#I  
of the rwiaed algorithm w i t h  thca data a b W n d  fran 1981-82 rwrri- 
n n t s  (which *re not u t i l r a r l  tor model nvirsim) war8 givrn.  
In S O W ,  aawrgenoe lp eimbtad when 70 haat wit6 &ov. % bare 
taperrtun a c m u ? a u n  ~ l f t a x  a w i n g  pmvibd #a avrilabla rail vator 
far the a t k m  1 +,fx la, is above 10 praul t .  
The msvltr of emrgma ~ u t a t i a r  wrrr c o g b r a d  w i t h  tho d r t r  
~~~ frcwaa 1981 rainy c w c m  aqarlprantr carrductrd rt ICZRLSAT Cantwl, 
I*y mading of aorqhu ( a  r e c a u n d a d  prhc t ia  tor V e ~ I . a l d  v r  don. on 
a &ap W r t i r o l  (10 Jmo) and a, a r d i u  dwp Vextiso1 (12 Jun) rbed 
of -. The avail&l. u.ur holding capacity o f  t h u a  two roil.@ W 
2OO md 165 1 msp.ctlvoly. ~t th rim of  raring tho d l P L  wamr 
in th -tin profile for th. rum ILaldm won 65 md 29 I m(ipcCi~ ly  
(&am 10% lor tha m t i n  pmlila for both f l 8 1 6 ) .  Zhw in B O W ,  
amergno wm o q z - d  w i t h i n  4 d y r  rfWx d n g .  
Llanaumr, in tha top SO 01 Sryax Pet both Ehr Iicl& t h a n  w n s  na 
mailable watar. Vbum arlrgwrm Ln both thmr fiilrk 4oturlXy awrr*d 
oaly an 23 June afWr  35 rr r a t a l l  w u  ramimd orr 18 due. Man 2;hrr 
Icyomd t a i l  uptar rwkl (top +30 oj n d  byond 30 cr) urn w+b, the 
aurganm d r t a  for both tho@ field8 w u  rlrrulr?od u 21 Jwrr. 
%a caqftrtrtim of phrrolagic&l enrntr ruth u PI, M , md RI worn am- 
pard w i t h  19 dwrrwrthnr drt.lnad ftri I981 eqm-hantl;, %a bUrat4.m 
of omrrgwo t o  PI: w u  nputclub withrn ; days 6Pa) t o  rwvir imr i r r  
plhvroloqy rlgotfthn rmp& to + S dayr u w r  dara in r0lY;T. UdUtly 
~ 1 0  ma un a q u a  error I I W B B ) ~ ~  oinulating ttm dw.tio, ot anmmol 
t o  maturity w u  mduod fxm * 13 drg, to  + 4 d y a .  
- II) 
2 l)w cxmffidrrt of btaxninatia (R w u  ir(;>mvad fran 50 parcmt I, 
owr 8Q prrrornt (bur, to rwir iarr  in tho modal) for grain yie lda  & t a b  
fnrr 20 dwruvatianr of 1981 algmtimmtrl drrta aonbuctad i n  XC1SISAT Canter. 
(5v) W Z I d  data on plldn yiSrZd an$ total ciry matter 
S i u l r t i a n  rcrrultr of grain yiold n d  totrl dry rrattclr wan oqprnrd w i t h  
a b a o m d  data p h d  ovmr rmoana m d  g a ~ t y p o a  lrol fCPU$AT tfold rtubioo 
md ttudiaa frcm &har aaoperrtinq antars .  m a  oaclftidant of d.tmrinatim 
for both grain y i e l d  (n - 59) m d  tat81 dry rattar (n = 54) w o  '115 paam* 
4ccarding to rrrvird -1. ma M E  for g r d n  yla1dm m d  totrl dry m a t t o t  
for poohd drta wbra 561 kq/hr und 1348 kp/hr n r p a c ~ w l y .  
Tha ralatiuarhip batwan CJIWemd ~ l d  riaulated grain yield md total dry 
u t t er  ur, givwr in figuma 10 m d  11 r u p l ~ t r  mly. 
Filtrt  ~ p ~ i m r t i c n  m8wsra to questisnr orr rorghu yirld potrr t ib l  cwr 
be g8narat.d by thir mod01 ~ L n g  climate and roll infornrtiorr. &morn t o  
qurrtionr rbout ths morghua yield yotanti l l  md to & w d n  thr optSru 
cfop duratiar -perid m d h *  with tha water avri ldi l i ty  wrrr #ought by 
t b  Wagarrlini Land Settlmmt Schana in myrr U y  et 41 mod this 
rad.1 to dolinrat. tha cunulative prabability dirtribution of airulrtad 
grlkr y ie ld8  in Kanya for apt- @awing dctrrr choran f r a  the ?&infall 
prd>&iUty analysis. -10 of much rnrlyria w u  givm i n  f'igurr 12 
for two raring darter at Hurrrfr for t b  par- 1937-80. 'Itre fi!$uro idC4ter  
that DO- than 5000 kg/hr aalrghu y i e l d  cur bo d,trimd unbr .dwlurtlr 
rawrunt pr.ctic+. h 50 pluarnt of than  y c m ,  ICnrlyll. of th d l  
m d  climatic drtr fror dftL!exnt l o c d ; h m  of th prr~joat uwr mot 
th.t prarpct. for gmting rorghu i n  both the h g  W a r  n d  lbort trtnr 
m fairly pradrinq. 
I 
Win and Dug- (198l) urd t h i m  -1 to cbtamirw, tR, fardbi l i ty  
of #o* ratouting in kur. m y  cmstrllct+d r lOyur (1$3E7@ ama- 
lati- pmbability dfrrrLbolCa, of 8-Wl rat- y1.ld. f a  0 ,  5, LO, 
md 15 o of 1Y# at  tb ba&ming of  th. re- arop, tb psdPJYil&ty of 
FadrdDp a 1- kg/h OZ ma **I y h M  8 W W U  cbat M e  
a. plroilit.Muty of r.roa cmpping ia -1.. hrP. i. bqodmt an rdl 
rsiletmr~): d t i a n r  a t  t b  #tart of  a rdx#n (Hw 13), 
--..-., , . "'." ""-'," 
' ' T '  ' - T '  ' . 


LEGEND 
ASH = 15.0 cm 
A% * 10.0 an 
ASW a 5.0 em 
ASY = 0.0 w 
0 0.1 1 5 2Q 50 80 95 99 99.9 
WLA?IVE PRaWl LITV ( I )  
Fig. 13. Cunulative probabi l i ty  dis trlbutlof~ for slulatd rabon raln ylelds (kg/ha) of  so ~ u m  accordf to SO&f rodel  from 1939-197 r t  four 7 rl 1 different leve s of i n i t f a  available soil water fn  r s o i l  of 15 a~ 
available water holding capsci t y  i n  Tenplc, Texas, 
(After Art ln  and Dugas, 1981). 
Our PXINTICII P wl t h  the  B I J ~ U  sLmu1.t im rd .1  ow8  tha &>ut f l u e  y0.a 
qliw .is &re! ; 'ec~ds t o  axunt fie r l t r rnsLlu  Un~fIYnt atrrtnl(3ia8 md 
X I  4 . !v+ t . ~  athat Irxqla, Wa will cumtitaw our rfiroartrr 
a Te) axt.ttr3 k t r k ~ 1 ~ j r r ( )  in brrwrlapSny qrnwth na$lr;fu for &her 
c?Tqrn : * t 'f\l!;,AT b~hndpto. Wrrl lar llrt hi* A8 th m m d  
i I T I ~  rjf our amdata ww t.33nrtwly the nautt ahnior. 
f . f t  or ts  haw b a n  Shit tatad hy th. ranninq Ryrtrrm itmararch 
Pnxjrm r n ccxymrs titxi with the pearl m4 11at fmprwacnlont 
rrrilrl an1 , ~ t  I i'R1:;hT' t o  rldvw lap a cj-h a d  ~ h ~ 1 0 p m l l i (  Wl 
f L ~ X  f ,adrl 1 Let . Klplrarimlflt w as a btbifsl) Q O C ~ ~ U G ~ O ~  fXWM the 
13Eil r a n y  season t.0 c~1Iact aetanderd data  ratr on crop, roi l  
and weather to ad\kavw t h i r  ultr)@ctiwr, 
Collahoratisa arrparrmcntr u+ br iny 6rrignrd Co rtudy 
l i j h t  ~ r , t @ r m ~ p t  i 1 1 , water u a b a ,  phannlmly, t i  IJ@rinq h&?(t,  
d r y  m,sttcr h r I - m l ~ f  i t * \ ,  nnd p n r t i r  i c b r z l  rrq ( l r  !marl. m J Z  let 
undsr both Irldr and waat A f  r Pccrrr o c n 3 r t  itjr~mi. kq)~rZIM~ltr 
are n l g r ~  ~ l l m ~ n e t f  t u  ~ t t ~ ~ d y  tlxa @!re t s  0 1  muthod! o f  plmting 
u.y .  row iprcrctrtacrd In 1rrc)iaI vanrua 1.11 11 ( 1 r l b t : X i ~ d  111 
Wtwt Af rl  ca) on the qrnwttt arid deva l0p"brl~  c k f  pearl d 1 l a t .  
. Trl JW th t ,  rc+zrttlrad rorrjhmi mrtv l  l r r  Javel\)ylr\y h mothrdt?lgy 
for f f  r a t  rrtkgr acmatnlnq ( , I "  4 r ! !*rant envh r d m n t  r for t b i r  
crop prcxJuction potent i a l .  
:3;orc;hw y~ arld rimulLlrtian~l arcn praumt ly  muds uaauninq t b t  
m o p  are ral aad under ackqwto nutriwnt aujqXy, ww8 f ma, 
~r~uectrr/disaal~s f me randl txonr. A i t  tm dbrenairq 
thesa quest ions  should be 6ava lopad urd In~;nrprat .d  in thr, 
m o c k 1  for  y ~ a l d  Y L ~ U I  4rLiCm wdQr th rs s l  world ritucrtioiu. 
lhue oolleburatim mparirmts mad ru be planned for 
q w t i f  ylncj t h e  at rms factor8 (malhurm, nutr lmt  , biot ic  
e tc l  . - 
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